Despite the high-water requirement of rice plant, paddy farmers grow rice mainly under flood irrigation. Irrigation in rice plays a major role in improving water productivity. Water productivity is the amount of yield produced per unit amount of water used by crop. Nevertheless, it depends on soil, climate, agronomic practices and method of irrigation. This study evaluates the water productivity of rice grown under the drip irrigation in comparison to flood irrigation. A container experiment was carried out in summer 2015, inside a constructed climate chamber at Dresden University of Technology, Germany. Three large PVC containers were used and in each 18 rice plants were grown (variety Bg300). Three soil matric potential based irrigation treatments were imposed from 14 days after seed establishment until 14 days before physiological maturity. Treatment T1 was maintained with a ponded depth of 3cm water. Treatments T2 and T3 were drip irrigated maintaining soil matric potentials at -150 mbar and -300mbar respectively. ) water productivities. In conclusion, water productivity of rice variety Bg300 shows very good results under drip irrigation in comparison to flood irrigation. Drip irrigation is the most efficient method of water application to crops including rice. However, its acceptance and implementation is relatively low among farmers due to technology involved in design, operation and maintenance. Still, it is a promising technology in rice cultivation in water scarce conditions under climate change.
Introduction
Rice is the most important staple food in Asia and approximately 90% of world rice is produced and consumed in Asia (Nand Kumar Fageria et al., 2010) . Rice production under flooded conditions is highly sustainable. However, rice production needs to increase in coming decades to meet the food demand on growing populations to meet dual challenges of producing enough food and alleviating poverty (Bouman et al., 2007) .
Water scarcity in some parts of the world is a limiting factor to produce rice under flooded conditions as explained above. On the other hand, flood irrigation leads to more evaporation, seepage and deep percolation which could be considered as losses under water scarce conditions. Dramatic changes in climate such as drought could severe the environmental conditions unfavourable for Agriculture. On the other hand, land degradation regarding population growth decreases arable land area. This reduces the agricultural production per unit land area or in other words reduces land productivity. Though, rice can grow under a wide range of agro-ecological conditions such as flooded lowlands, temperate cool climates, and drought prone uplands, its yield decline when soil dries below saturation.
Therefore, increasing crop water productivity or the amount of agricultural output produced per unit amount of water used, is a viable solution to overcome the above mentioned challenges.
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In all these practices, method of irrigation plays a major role in water savings. For instance, flood irrigation, sprinkler irrigation and drip irrigation can be used in rice cultivation. However, many farmers by convention use flood irrigation as a method of weed control and easy way of practice, but not to save water.
Unlike fertilizers and pesticides, water is not actively traded in Asia and government-administered fees for irrigation water are often low or zero. This discourages farmers from treating water as a scarce resource. On the other hand, they get no incentive on saving water. Therefore farmers in certain areas of China where farmers are charged based on volume of water used for irrigation are practicing water saving irrigation methods. (J.W. Kijne et al., 2003) .
Fundamentally different approach to grow rice is aerobic rice cultivation such as production of wheat and maize in non-flooded conditions (Bouman et al., 2002) . According to literature, aerobic rice cultivation is practiced large scale in northern China and in Brazil with aerobic rice varieties produced by breeders (Bouman et al., 2002) .
Dry seeding is another practice of rice cultivation in dry areas. In this method land preparation is minimum to zero, thereby saves large amount of water. However, these methods are associated with some yield reductions. Therefore, evaluation of water productivity under different irrigation methods is of importance. This could be a motivation for farmers to adopt to these waters saving techniques.
Therefore, objective of this study was to evaluate water productivity of a Sri Lankan lowland rice variety Bg300 under drip irrigation in comparison to flood irrigation.
Drip irrigation is being practiced in many other crops such as vegetable production, fruit production and in horticulture. For instance drip irrigation becomes popular in onion cultivation due to its water application efficiency and precise irrigation management (Shock et al., 2000) . Though the method of irrigation is drip, the criteria used to irrigate is based on soil matric potential. This is a very effective technology where plant is irrigated based on the crop water demand. Soil matric potential might be an ideal criterion for irrigation, since variable atmospheric evaporation, soil texture, cultural practices and water management affect rice irrigation water requirements (Kukal et al., 2005) .
Materials and Methods
A container experiment was conducted within the laboratory premises of Dresden University of Technology. Duration of the experiment was from 08th of May untill 19th of September, 2015. Soil matric potential based irrigation treatments, namely T1, T2 and T3 were imposed in three large PVC containers as shown in Figure 1 . Treatment T1, was maintained with a 3cm of ponding water level throughout the treatment period (see Figure  2 ). Other two treatments were maintained at the soil matric potential levels of -150mbar (T2) and -300mbar (T3) respectively throughout the treatment period.
Containers of treatments T2 and T3 were placed on two weighing balances which were connected to a data logger for automatic water balance measurements. However, the container with treatment T1 was placed at the same height with other two, but without a weighing balance. 
Construction of climate chamber
Containers were placed inside a constructed climate chamber. It was built using hardboard and steel with a cross sectional area of 4m 2 and a height of 4m. Climate chamber inner walls and roof were covered with aluminium foils to provide homogeneous lighting conditions. Tropical climate conditions were simulated using growing lamps (Osram power star HQI-BT 400 W/D PRO). Two lamps were hanged 2m above each container. Lamps were connected to a timer to automatically switch on and off creating 12 hours of each day and night cycles.
Installation of soil moisture sensors
Required soil matric potential thresholds in T2 and T3 were maintained using Tensiometers. Bambach digital and T4 tensiometers were installed at 10cm interval up to 40cm depth. Twelve tensiometers were installed in each container at different locations. Control tensiometers were installed at 20cm depth to maintain soil matric potential at threshold level to trigger the irrigation system.
Soil moisture content was measured using time domain reflectometry (Campbell Scientific, TDR100) probes installed at the same depths. Two TDR probes were installed at each depth on each half of the container to check for any variations in the same depth. Both tensiometers and TDR probes were connected separately to two data loggers.
Seed Establishment
Rice variety Bg300 which was developed by Rice Research and Development Institute of Sri Lanka was used in this experiment. Seeds were soaked in water for 24 hours and incubated in a cloth bag for 48 hours. Germinated seeds were Direct seeded in soil at a planting space of 20cm x 15cm in all containers. each container accommodated 18 planting hills. Two weeks after seeding, excess seedlings were removed by leaving 3 plants per planting hill. During these two weeks, all three containers were maintained at saturation to establish similar growth condition at the beginning of the experiment. Two weeks after seeding, irrigation treatments were initiated and continued until two weeks before physiological maturity.
Method of Irrigation
Sub-surface drip irrigation system (Netafim NMC-pro) was installed to irrigate treatments T2 and T3 (see Figure 2 ). Irrigation system was triggered upon reaching relevant soil matric potential thresholds at 20cm depth.
Each drip emits 1.2 l/hr of water to plants. Single irrigation event was set to 5 minutes and allowed to distribute water for 2 hours. After 2 hours, if required threshold level is not achieved then it re-irrigates to bring down the soil tensions.
Management Practices
After seed establishment, basal fertilizer (N P K) was applied at a rate of 5 kg/ha, 50 kg/ha and 20 kg/ha respectively to all three containers. All other fertilizer applications were carried out according to the local fertilizer recommendations of the Department of Agriculture, Sri Lanka.
When necessary, chemical pest and disease management was carried out. However, throughout the period plants were free from severe pest and disease attacks. Soil in Weed management was carried out manually. All containers were kept at saturation for two weeks to establish homogeneous plant density. At two weeks additional plants were removed by leaving 3 plants per planting hill.
Data Collection
Maximum and minimum air temperatures, soil surface temperature and temperature at weighing balance (to account for changes in resistance in load bearing cells) were measured using temperature sensors. Other climate data such as radiation, relative humidity were measured periodically with a wireless weather station placed inside the climate chamber.
Plant growth parameters such as plant height, number of green, yellow and dead leaves, tillers, panicles, were weekly measured. In addition to that, leaf area index (LAI), leaf nitrogen content (SPAD Value), stomatal conductance, leaf rolling score were measured weekly. Plant phenological developmental stages were recorded based on BBCH (Biologische Bundesanstalt, Bundessortenamt and CHemical industry) codes developed for rice. At physiological maturity, grain yield, total above ground and below ground biomass and root growth were measured.
Soil matric potential and soil moisture contents and irrigation amounts and durations were measured automatically by data loggers.
Results and Discussion
According to the experimental results, highest grain yield was observed in treatment T1. Yield reduction in T1 is non-significant compared to the reference yield under flooded conditions in the field. In comparison to the ponding water depth under flooded field conditions in Sri Lanka, where ponding water depth is usually 5-10cm, water depth can be easily reduced by 2-7cm without significant yield loss. Amount of yield gained in three irrigation treatments were linearly related to the soil moisture stress (Figure 3 ).
Figure 3: Yield variation in different treatments
Compared to the water productivity of Bg300 under flooded conditions, all treatments show higher water productivities (see Table 1 ). Highest water productivity and water saving was resulted in most dry treatment T3. Even though highest water saving (83%) and water productivity are achieved in Treatment T3, yield reduction is significant compared to the reference yield. However, comparing yield, water productivity and water savings (72%) of each treatment, best performance is shown in treatment T2.
Conclusions and Recommendations
In conclusion, water productivity of rice variety Bg300 shows very good results under drip irrigation in comparison to flood irrigation. The main advantage of drip irrigation is less water is lost by direct evaporation due to partial soil wetting during irrigation. Drip irrigation is the most efficient method of water application to crops including rice. However, its acceptance and implementation is relatively low among farmers due to technology involved in design, operation and maintenance. Its applicability under soil salinity is to be concerned with the salinity level and leaching requirement. Still, it is a promising technology in rice cultivation in water scarce conditions under climate change.
